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Abstract: Immune cells have long been recognized as important regulators for the maintenance of balance in
the body system. Quantitative analysis of tumor—infiltrating immune cells is expected to reveal the multi—
faceted roles of the immune system in tumors. This review summarized computational methods for quantifying
tumor—infiltrating immune cells from tumor tissues, including algorithm models and tools based on marker
gene enrichment analysis and deconvolution method, and presented their application in revealing disease
pathogenesis and drug response, potential tumor biomarkers, and cancer immunophenotyping. In addition,
current limitations of these computational methods were aslo pointed out and analyzed, hoping to promote
their development.
Key words: tumor; tumor—infiltrating immune cell (TIC); gene set enrichment analysis (GSEA); deconvolution
(Life Science Research, 2024, 28(2): 143-151)

Jii IR B A5 (tumor microenvironment, TME) FH
ISR AN LT AR AN | S R A LA B 0 M it
SELH N, Horh, R iR I S5 4 B (tumor—infiltrating
immune cell, TIC)TEME & E kR FIVRIT HH R HE
FEAZOAEHI, fhn, A0MIEENE T R 201 (4
CD8+ T Zfi) EHTIhRE S Ae i E 2R A, vl L
RSP RIS AT BT (AN R AL FE R 2 ik

7 B BRI S ) B R A IHEAh, ANTR]
JiivIRg S0 2 18] R JRE SR B A 3 BRI 22 5%, T
T 48 AT A e Nt i e e A PP A L A1) 2 X
e T AR AR R B R AL e, R, A
TR A AT IR ARRTT, Forh e 2 1
PEAMM Py AL S0 AT T 48 7 S B AR A T e 4 A
BT RSP 207 AR o

s HHE: 2022-10-13; & E HHE: 2023-04-10; M4 E % BHA: 2023-06-25
EERI: EAT(1995— ), %, b A, Wi-Lage A mE1EE: AE1982— ), B, R A, 1, 2%, EERNFEYIEBE,

Tel: 023-62460536, E-mail: baimz@cqupt.edu.cno


mailto:baimz@cqupt.edu.cn

144 oA B

2024 4

T e A R Z i, B SR A0 2H
IS 712 A S H UK (immunohistoche—
mistry, THC) \H#E % immunofluorescence, IF) I
KAIMIA (flow cytometry, FCM)S5 . X EEAL5E A
FEITREZE T HAM i i, Jopk PR RS
AR i S e A M A 2 B 75 5 T AR 4
K (next—generation sequencing, NGS)®[ & ) & J'é
AR AN BGAS BT B, RS Ik Jien i TR P 52 4
Py B8 T AR AR AN R A o FEE— 2D 424 o0
b, BIESE N DUR] AR T2 A e S A s
B A S R TR BE IR AR R A e T2
PP . TEARZAR D, FATESE T 5T
ANTe] Ji ) f AR R S e A0 M %) 3R 12 A
S AT AR B 53 B B, B2 T X SE3 R TR
AU R, B2 T B M TR AT
A RREE, JF4R T ARRLETT K AL Mg =
S AN N S AN O3 B TR ] BE AR RS P,
DU R AH DG U T 58 L 1) DL A

1 EXMERRREARSTEE

11 EFREEERNEESTAE

TR G BE I 0 & HE o T R T T B PR 4
B3 (gene set enrichment analysis, GSEA)®,
T — T E OB R R TEA R AL
[ BA &R, HIEEME 1 s, &
RIS, BT GSEA YT 5 JCHR AR AU Xt R [
FI R L HEATHE R, SRR M —A> 2 M fE
FYBEEEE (N GO B4R \MSigDB TERAES), HIWT
BLRZ Kb (ST E T NP BRI R AR B 2R TR T
IR, BRI R P A L A (25 SR A T ik
PRI A THUP Bl 7 U0, O 5 B e P 3Rk 509 ik 1
FRBUIAAE W35 22 5y A BEDA 9 R v g B LA AT
ATEC RN RERY BRI A, WIIA R 45 7 1 L A 971 36
BT RATC 3 2% e e A — D EETHE,
ot 2 & 5 738 (enrichment score, ES), H TR
BB ERRBE ., M5 Z, 48 R fE R —
A R D B S AR S B — NS
IIEL, R AR B — MR

et A S 20 iR 0 e g 40 L A B I, T
Pl BE A A o e o0 D vk T e 4 7 A [ S e 4 i
AObR RS EE DA, THIAC HR e A M Y 4R 0, A
TTVTAk P 2 10 S B 0 O R

HTF GSEA JRH, Barbie 57 & H FRAEA
GSEA (single—sample GSEA, ssGSEA)&-2 AT

JEUGE GSEA Bk, ssGSEA J THEHTEREA P
ot Rk R AT HERY, DR S SE N HEF Y
2o FRU A B (R 22 S ok B AR A
MTTAE) HA AR MRS s HE 0 B0
HiY. AR [, Yoshihara 589F & T ESTI-
MATE (estimation of stromal and immune cells in
malignant tumors using expression data) 5%, H#E
B TRA 11 FONE R B R REA, 1 Yol it
ssGSEA I A AN HL BTbT- o0 A0 F-53, I
IR L DU R AN M A AR BT, ARG AR
LG h— ESTIMATE P45, LAY Wi 2 4%
HR R Al

AN, Becht 51913 F ssGSEA R BT & T
MCP —counter (microenvironment cell populations—
counter) 778, LAXT [ 52 i) 6 Y22 400 Jfd | i 2T 4% 440
A b R i TR AL . MCP—counter XTF 41>
FEAHR AT LA 7R — AN E R 0, LA feyie
20 g S HAB R AR A A R AR B, DT AN
[FIREAR Z [8] i] DIARGE P BEA TR 1) LEAR . xCell™
LA TAL) S, BF9E N 5L AN [ 33 H
PRIUT 489 ML, BA I 64 Pl LR AN
SRR IENLE, 5 MCP-counter 1 Hb, HAR K
WAFE TR A AR

Miao T ssGSEA 5T & T ImmuCell-
Al (immune cell abundance identifier), 3% 7]
PAVFAL 24 Fhfp e an i i g B, Hoh 4045 18
AT AAESERE . BT A S e 5 ahe ) A
ZERARM, TmmuCell AL A1 T 20 S A A R 2
ML AT 1

TIminer (tumor immunology miner)&—" 455
B PE AT RIEMER, AU HESE N LT GSEA
JE BETF 2 ) Irveg ey I i s A A e, Tl LAY
fiti B2 .CD4+ T 40 .CD8+ T ZHML . Pk 4
i W A TR S A X 6 ol e 40 i IR 1)
TR BRUICLASL, ZHERGAAE B T HAb S o3 b
R, FuAG A2 AT B G T L &
IR RAE
1.2 EFHrRERNITHAZE

SRR EL ) 2 O T 5 AR Ak 3
[, FerEYE B aeh, e Rkl LU T
e S A P i e AN R B S e . R T
SRR S iR it AL SR, K R L VR A
FRIRE R B IR AT IR AT AN R S e 0 )
BERERIKIK AL G091, J8] 2 7R T R



EHFAE e R R i S AN L 4 7 BT 5 BT 145

eGene 1
#Gene 2
®Gene 3

®Gene 4
®Gene 5
Or
® Gene 1
. . ® Gene 2
® Gene 3
® Gene 4
® Gene 5
eGene 1 Ranking and .
¢ Gene 2 traversal ES computation High ES
®Gene 3
®Gene 4
®Gene 5
Gene list
® Gene 1
® Gene 2
Gene set ® Gene 3
® Gene 4
® Gene 5
Low ES

El1 ET GESA WHREHEXERE

SR —ANER I A AT ARG EANE RO 2 F R EEFORATHS, MEEC AR LA M ER S F R X LR
AREFRITRY, RABLRELREPOEES AL E T ESHES). BAE S LK E 69T R F IR, 1
RERF LA E)RFREZTAGLE), ES &; ZARMMLS A ELR EHEAMLE, 1 ES 1%,

Fig.1 Immune cell infiltration algorithm based on GESA

In the GESA algorithms, the genes are ranked according to their phenotype—related measurement (such as fold—change), and then

traversal is performed in immune cell specific marker gene set. The enrichment score (ES) is calculated considering the genes’

position of distribution in the gene set. The ES is high when the marker genes are distributed in the top or bottom of the gene

set, representing significant up—regulation (red) or down-regulation (blue), respectively, and the ES is low when genes are ran—

domly distributed in the list.
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Fig.2 Immune cell infiltration algorithm based on deconvolution™

For a given tumor tissue sample, the mixed expression matrix M can be expressed as a linear equation composed of the charac—

teristic gene expression matrix S of immune cells and the proportion F of different immune cell types, that is, M=SXF. In the e—

quation, S is a nxc matrix, where n is the number of characteristic genes of immune cells, and ¢ is the number of immune cell
types. According to the formula M;=S;F\+S,F+-*+S.F,, F can be calculated.

T DNA HEAC AR BB FAE T Methyl-
CIBERSORT, Hill s @ —4 A 3R 2 HORA:
J5 CIBERSORT H =2 (SR ZIN A M (P A d
7 P[] ) e S A N AT AE A0 ), S0 T B
DNA HVEAR B (4 S i3 73 A o

TIMER™ (tumor immune estimation resource)
SE— MR T, HA IR A R A Y
PSR SRR S B R AR B SIS0 1A %
(human primary cell atlas, HPCA)TES Kt 4%
BIRENT 6 MY R R FRIBAEE . TIMER
R AL T2t die /N Sfe [l A 77 0900 e B AR, I
SR T A THELC I . 5 CIBERSORT A
[Al 12, TIMER e Bk HE B 00— L2
FA 1, PR, HAS SRR RE B R A 4
B LA, A ASREAEAS [F] A4 fo i 20 i 2R 1Y A4 4
Z A HEAT LA

Racle %21 & T EPIC (estimating the propor—
tion of immune and cancer cells)&AY, TN G H
SEMBA AN RNA T (RNA sequencing,
RNA —seq) B I H B 5 1 PR RRAE SR IAHE FE: 6
T ARG A e A B, B 5 b f e 4 i S Y
T L 2 T b 200 PR B 40 DA e g A DG BT 44
i), ATLMER VR A RS e/ — R
[l 2 SR 38 f s ARk v S AR R O LA A
FEAS BT 0 LA R S AT — A6 0~1, BT

SEEUREAS NS [R) 41 R R 1 He A

Ry T i IR B W) RTRE I R 2 TR AN — B
Finotello S5 E T — M2 B4 1H quanTlseq,
SEPL T SRR | AL B R 5 B AN i 4l
B g — X REAE A quanTIseq BB T2
Wim/h A mIH, #A TR A 51 A sl s £
Bk AN A (Y RNA —seq Z0H SEAL HEERF Fe 3k
FERE . 3T K RNA —seq 205 0900 3 3% 9,
quanTTseq fhiTt 1 AUAEAE A B2 5 THC BIGAEH #
T, UEM TSR AT REE

Hunt S22 1T —F G FUITE diangle, H
F—Z 51 DNA TFEF1 At RNA-seq B 89
TR R A B A AT, B N LA TTRY
11 MEAREARIEAG diangle, £5RFM, 58 &
Y 2 A5 15 (CIBERSORT \EPIC %) 4 HE, dian—
gle RTS8 AR B 2B PR B B4, JF
TR, HAT RAFITE4 1, 6 i A5
FEET —ASBiEL, Ak E et a5 m
TEAN RS M h B ET R A5 S, R0, R4
RITEA [FREA T B By (5 5 06 e A, JF i
Tk B RABNAR T3 B 5 A AR e e R )
I e, AR ANRE PR R, SRHE
BHESR IS TIREA . 5 R R, 1Z 07 k0
B R 5 IR M 5 CIBERSORT Al dtangle i 2
HH A S R e B S, AR TR



2

FHEPAE AR G A P 23 A T IS i 147

PEBEEMEMIX T CIBERSORT Al dtangle, {H/&H T
A P A P 2L b e S B A5 ) LS

Zhang S5PUF & T —4~ ARIC THAHELE, ZHE
HOR T W PR R R NG, H5 I T i 451
B R AE L 2R T B AN 1A 38 R RS b S 5B
KM T] LA R G AR A i, BRI T
SCF ) [R1E A9 B R RE e e fd FLRS MM RL
DNA H S B v i 40 i EE o]

MuSiCPOE —FP RAE S 422 41 K i RNA-
seq BT AT 2 ) i, AR e STt
AN TR B DS 70 2 () PR AELARL I, AR Hh A R 7 2
FRB]— 2] — SR LA, 30 2 X AS R AEAS A A [ 41
JL P — 5P DR RT3 AR, DATT RE A AN ]
YRR R R RS E B 2 N s A
ARV . YT AL UL KBRS
A4 B F R B E B, MuSic 8 T B4 Hofth 77 2k,
JEHXTFEAA YA M 4 i 2 R, MusSic B
LR E R

KL GO T S 5 2%, ottt
R HAk % 2019 4, FF & CIBERSORT AT BA
XPZFEAT T Ak, 85638 53 f# (non—ne—
gative matrix factorization, NMF)S-7ESZEL T KB4l
SV G AN A R A A T, IR B Bk A
%4 CIBERSORTx?,
13 EFRE&REBRHNIHAE

N IR ) SRR R A R
BRI, WA 2R ERAE D, X&E N5
SR ARV AAT DI AN R 20 M 2 AR A A X
d7 b, 1T AT AR BERA T  RRAE, AT S 4 b
g . Hl, 7B R ERAELEIT NMF [
B EH TR B, NMF J&—Fh o e Ak,
HF AT R4 AR R v, F4k— Ak
TR RE W R — D AERUERE H, (115 V~WxH, H
W, VIR nxm BHERE, 2R R 25 (A48 HE
GV m AEE; W N nxk KANEERE, b R 2518]
ok ANGVHESN I 0 QEFEI 5 H N kxom ORI,
HA—5 1w nT E v X80 i s 3 w
FIARBR. NMF R0 AR R R 43, 4 g
T HEE B | BHGA B 22 ST

TEAEYIE B 2T, NMF 872 0 FH T LA
FEIRIE B A5 e AR R P PR O B UE R
Hh, BADAE N T B LA TR B A )
PR &R IR k135 1 BRI . Gaujoux
SEAIER, Rk A R S PR AR A R PR A S e A

WINATET NMF #9773 0] DL 3 ok s e B
ISR . Zhong S & T —F DSA (digital sor—
ting algorithm)34E, B ek B —2H 1R E 42K
L SF e SN Y An e S WP/ B TR O ) G d K R7S
XA T R 0 2 0 R R PR ) P 2R 7 i A R
SRARE A R/ N BRURE BRI 200 L )
EIRAFEARPIRE] THRHE, Liebner 942 17—
it MMAD (microarray microdissection with analysis
of differences) %%, T REAT LAZEA AL L 5] sl ek 3
PR TR R L N R T 38 03 R B AR, dn] RA7E
A FFERE R ZRIBFE R A BT, T8 0 Bdls 4k v
) HE R HETT K-Means SRISRIRGIFF kR IA N
BEDA, TG AR A0 A2 B A L 201 o L
14 NG5

BT ARG A A T T R e R
HATEM T TR RZIZME ssGSEA JTETT
R 1), HAOUEAET iT LASCBUAR [RIAEA TR Y L
B TEXBEFEFN 04T T H A, xCell A1 ESTI-
MATE #) iZ W H] o Hrf, ESTIMATE AT LAV
fiti ey 200 M iR I AR E 38 AT A5 5T A4 i L
KRl 2, AT RE A5 15 21 22 4E B2 19 3 A 46 2R
xCell 7] APl 64 AN [7] 5 75 200 it A e ) A2 2
AHEC T HABS R, e M b B 5 . Bk
TRERIT & ok RS T B8 T AT ) 4
OB A I e 25 SR AN TR A B SR . v,
CIBERSORT ZZ LAY B HAEZ —, IHRH]
TIENAE, BrA R AR e R E v, IRT
JEARIT R BRZ BRI S Z AT LR 735h, %
BA 118 H 92 200 JH ARALE RR JE FE “ LM 22 R 2 1Y
TRZHWEVES Z RS, SRRIE, 2 1 a4
F14) 3 S A T S Ntk AT R AP R 1
AE, BOA AR BA BRI

2 EPMEIRIE % E A AT 7T R A

BT LR iR i e s R, A
Ivi] e 4 A r S 40 L A d i AR B 1T DA
R, SR B AR B I & L L R 25 0iA
J7 RN HA R o Zhang PR 1L ssGSEA Fll
CIBERSORT B3 %F T 01=IE /NG A it 2H SR A
1) e RS ST T ik b, M5 KR K
1) S MR A L, e B IR i v & FE I AR
FHETRNTE T AR Rl 52 0 D PR g v o
He iR, O 32 40 20 B a0 e 4 B A= 2%
FMAHZER) CD56Me NK 40, 7] UL, JoA % (i i



148 oA B

2024 4

®1 ERMEREREHEBRSTEE

Table 1 Common algorithms for tumor—infiltrating immune cell assay

Type Algorithm name Method Immune cell type Publication year
GSEA - ssGSEA - 2009
ESTIMATE ssGSEA - 20138
MCP-counter ssGSEA 2016
xCell ssGSEA 64 20171
ImmuCell AT ssGSEA 24 2020
TIminer GSEA 31 or 28 2017
Partial - Linear least squares regression 17 2009
deconvolution PERT Constrained least squares regression, non—negative - 20121
matrix factorization
CIBERSORT Support vector regression 22 201517
MethylCIBERSORT  Support vector regression 6 2018
TIMER Linear least squares regression 6 2017
EPIC Constrained least squares regression 5 2017%
quanTlIseq Constrained least squares regression 10 2019
dtangle Linear mixed model 17 2019
- Stepwise regression 3 201924
ARIC Support vector regression 6or8 20227
MuSiC Weighted non—negative least squares regression 5 2019
CIBERSORTX Support vector regression, non—negative matrix factorization 22 2019
Complete - Non-negative matrix factorization - 201284
deconvolution DSA Quadratic programming 6 20131
MMAD Maximum likelihood estimation - 20145
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